Abstract -The primary object of this research is to explain and demonstrate the complex structure that links each variable within the dairy milk supply chain in Indonesia through the causal loop diagram (CLD). Referring to the structure of the National Model developed by Forrester (1989), there were six CLDs which belong to six sub-systems used to describe the relationship between variables in the dairy supply chain. The first CLD belong to population and consumption sub-system. The second until sixth CLD belong to milk production sub-system, dairy cattle sub-system, dairy cattle population sub-system, dairy farmer's income sub-system, and government sub-system. According to CLD, there are minimal one important drivers in each sub-system. The findings in this paper put forward some important issues that require for running the full simulation of some proposed scenarios.
I. INTRODUCTION
Supply chain management (SCM) is a network of connected and interdependent organizations working together, mutually and cooperatively, to control, manage and improve the flow of material and information from suppliers to end users [1] . The most important problem in SCM is coping with high uncertainty because of internal and external factors. It can change the behavior of the supply chain [2] and then, have the significant impact on the performance of the supply chain. In this context of the uncertain environment, this research interested in studying the behavior of the food supply chain, specifically the behavior of the dairy milk supply chain. The source of uncertainty in the dairy milk supply chain can be seen from four stages in the dairy value chain structure, namely input suppliers, milk production, processing, and marketing. Input suppliers represent supplies to farmers including feed, veterinary services, etc. Milk production means the operators who produce milk, and this includes dairy farmers, corporate farmers, and smallholders. Processing refers to companies which process the delivered milk. The forms of companies are co-operatives, multinational/ national companies, and small dairy companies. Marketing expresses the way dairy products are sold, including export, supermarkets, small retailers, etc. [3] . Related to the four stages in dairy value chain structure as the source of uncertainty, In Indonesia, milk production is dominated by dairy farmers which are members of local dairy cooperatives. The uncertainty of good quantity and quality supply frequently arise because the action conducted by dairy farmers usually not the same as those of the local dairy cooperative wanted. This problem becomes more complicated since there is no formal contract arrangement between dairy farmers and local cooperatives to inhibit each of party acting in their own interest or to inhibit the opportunistic behaviors of each of party in a transaction. The farmers are independent milk producers. Although the local cooperatives give some supplies to farmers (such as feed, veterinary services, etc.), the farmers have full responsibility for running out of the dairy farms day-today. The farmers can choose anything connected to their businesses by themselves. This condition makes, on the one hand, the dairy farmers have a good bargaining power and, on the other, the cooperative difficult to control the business and to predict and manage the certain quantity and quality of the supply flow. The dairy cooperative is repeatedly not capable to get the certain quality of fresh milk as required by the processor or the national standard [4] , [5] , [6] , [7] . As the milk processor difficult to get quantity and quality of fresh milk as required, they will import.
This research has chosen dairy milk supply as an object for studying the behavior of supply chain in the context of uncertainty, because its performance has received a great deal of attention in the last decade, due to issues related to food self-sufficiency. In this case, the uncertainty can hurt the performance of dairy milk supply chain. According to the Indonesian Coordinating Ministry of Economy, there are several objectives should be achieved by dairy milk in Indonesia. Those objectives can be seen in the Road Map of Indonesian Dairy 2015 -2025. According to the roadmap, the national milk production should reach 2.75 million tons in 2020 and 5.32 milk tons in 2025. Besides, dairy cattle should reach 1.3 million heads in 2020 and 1.7 million heads in 2025. In 2020, the dairy cattle must be able to produce an average of 13.11 liters of milk per day and an average of 19.67 liters per day in 2025 [8] , [9] . So, in this case, the studying of the behavior of the dairy milk supply chain is needed to formulate the scenario to achieve the target established by the Government of Indonesia.
So, in order to predict the behavior of dairy supply chain in the context of uncertainty, the primary object of this research is to explain and demonstrate the complex structure and the various feedback loops that link each variable within dairy milk supply chain through system dynamics methodology.
Systems Dynamics (SD), initially recognized as 'industrial dynamics', is a foundation of Jay Forrester in the 1960s at the Massachusetts Institute of Technology [10] . In general, there are three stages in system dynamics. First, understanding the situation/ problem definition. Second, model building/ model conceptualization, and third, running the simulation model/using the results). This paper only focuses on the first and second stages; the third stage or running simulation/running the results would require a fully operational simulation model, which is beyond the scope of this paper. Moreover, although causal loop and stock-and-flow diagrams are used extensively in system dynamics to conceptualize the structure of the system [11] , this paper only use causal loop diagram (CLD) which is consist of variables connected by arrows denoting the causal influences among the variables and the feedback loops, chains of causal links that close or feedback on themselves, in the system.
II. METHODOLOGY

A. The Object of the Research
In 2017, the number of fresh milk production is estimated at 620 million liters or increased by 10 million liters compared to 2016. The number of production of fresh milk is forecast to increase as much as 18 million liters in 2018 or become 638 million liters in 2018. Basically, according to their scales of production, Indonesia's dairy sector can be differentiated into two group. The first group is a modern, efficient, productive, and fully integrated dairy companies. The second group is a small production unit, with two to three cows. The second group accounts for the vast majority of Indonesia's dairy operations. The first group is well-managed companies. The first group can generate an output of about 20 liters per animal per day, with an average calving interval of 13 to 14 months. The second group accounts for the vast majority of Indonesia's dairy operations, is small production units, with two to three cows. Different from the first group, the process production in the second group is characterized by inefficient and low productivity. The second group can produce milk yield less than 10 liters per animal per day, and calving intervals are between 18 and 20 months. These producers sell fresh milk to collectors from cooperatives. Although the first group is driving Indonesia's modest annual fluid milk production growth, the first group only account for 23 percent of fresh milk production, whereas, the second group accounts for 77 percent of fresh milk production [12] .
B. Structure Model
This study uses the structure of the National Model developed by Forrester [13] as the reference to describe the structure of the dairy industry in Indonesia. As a system, the structure of the National Model consists of five sub-systems, namely, production sub-system, household sub-system, labor sub-system, financial subsystem, and government sub-system. The production subsystem can be differentiated into two. First, consumergoods which provides all goods, services, and housing purchased by the household and government sub-systems. Second, the capital sub-system which produces all capital plant purchased by the consumer goods sub-system and the government sub-system. The household sub-system purchases from the goods sub-system and harbors the population that is not in the workforce. The labor subsystem provides for the flow of people in the production sectors, the government sub-system, and the household sub-system. It also determines wages. The financial subsystem is an aggregation of all banks and financial institutions. It has a balance sheet with reserves, demand deposits, household net savings, a debt of the production sectors, and government bonds. Last, the government subsystem hires people, buys goods and physical capital, sets tax rates, makes transfer payments, responds to desired government services, issues government debt, and controls bank reserves.
Then, the structure of the National Model from Forrester (1989) is modifying into the structure of National Dairy Milk Industry in accordance with the current condition and also the availability of the data in that industry. Instead of five sub-systems, the structure of National Dairy Milk Industry consists of six sub-systems, namely population and consumption sub-system, milk production sub-system, dairy cattle feed sub-system, dairy cattle population sub-system, dairy farmer income subsystem, and government sub-system. Graphically, the relationship between sub-systems in the structure of National Dairy Milk Industry can be seen in This section will describe the CLD of population and consumption sub-system, milk production sub-system, dairy cattle feed sub-system, dairy cattle population subsystem, dairy farmer income sub-system, and government sub-system.
A. Population and Consumption Sub-system
The CLD of the population and consumption can be seen in Fig. 2 . It can be seen that the population is affected by the number of births, which is determined by the rate of population growth each year; whereas the rate of population growth itself is affected by GDP per capita. According to secondary data, there is a negative relationship between GDP per capita and the rate of population growth (in this case, the higher the GDP per capita, the lower rate of the population growth; the value of R 2 = 0.9568 with equation y = -e -08 x + 1.6004). On the other hand, GDP per capita has a positive effect on the level of milk consumption per capita (the higher GDP per capita, the higher the level of milk consumption per capita; the value of R 2 = 0.9103 with the equation y = 7e
-07 x -7.2304). Graphically, the relationship between the GDP per capita, the rate of population growth, and the level of milk consumption per capita can be seen in Fig. 3 . Shortly, there are two drivers of national milk demand, namely the growth of milk consumption per capita and the growth of population. 
B. Milk Production Sub-system
The CLD of the milk production sub-system can be seen in the Fig.4 . It can be seen that national milk production depends on milk yield from trained and untrained dairy farmers and also the number of adult female cattle. In this case, the rate of training effects can make the trained dairy farmers produce milk better than untrained dairy farmers because the trained dairy farmers have the knowledge to make their cattle more productive. Both the number of trained and untrained dairy farmers will increase as long as the increasing the number of dairy farmers; whereas increasing the number of trained dairy farmers will reduce the number of untrained dairy farmers. The national milk production will reduce the gap between national milk production and demand; whereas, the national milk demand will increase those gap. The higher gap between national milk production and demand, the higher import we need. Shortly, there were two drivers of national milk production namely the number of cattle and the milk yield which depends on the capability of the farmers in managing their farm. 
C. Dairy Cattle Feed Sub-system
The CLD of dairy cattle feed sub-system can be seen in Fig.5 the need for DMI. Although the amount of dairy cattle ownership and the amount of green fodder need by each cattle will be increasing the need for green fodder, the availability of land for green fodder production will limit the green fodder production which in turn will limit the green fodder supply for the dairy cattle and then, the farmers may decrease the green fodder for their cattle. So, there are four important drivers in dairy cattle sub-system, namely the number of dairy cattle owned by the farmers, the weight of dairy cattle, the amount of milk yielded, and the availability of green fodder.
D. Dairy Cattle Population Sub-system
The CLD of the dairy cattle population sub-system can be seen in Fig.6 It can be seen that the total number of cattle population depends on the natural growth rate of the cattle and also the amount of cattle import. In this case, the need for importing the cattle will decrease as the natural growth rate of the cattle increase. The number of cattle of each farmer not only depend on the additional number of the cattle but also depend on the total number of farmers. In this case, the amount of cattle ownership by each farmer will decrease if the natural growth rate of the cattle lower than the natural growth of the farmers. So, there is one important driver for increasing the amount of cattle ownership by each farmer, namely the additional number of cattle which depends on the natural growth rate of the cattle if sufficient and if it is not sufficient, the government should import the cattle.
E. Dairy Famer Income Sub-system
The CLD of the dairy farmer income sub-system can be seen in Fig.7 . There were five driver in dairy farmer's income sub-system, namely government milk trade balance, the level of fat and protein content in the one liter of milk, price of milk offered by the industrial milk processor, cost of production in the level of dairy cooperative, and cost of production in the level of dairy farmers. In this case, the government trade balance will influence the imported milk prices, which in turn influence the domestic milk price. The relationship between government trade balance and the imported milk prices from secondary data can be seen in Fig. 8 . This relationship has R 2 value 0.7429 with equation y = -2e -05 x + 13.011; where y is imported milk price and x is government trade balance. The level of fat and protein content in the one liter of milk becomes a corrective value for the price of milk offered by the industrial milk processor. The levels of fats and proteins in milk that do not match the standards will reduce the price to be paid by the milk processing industry, and its turn will reduce the profit gained by cooperative and the farmers. The cost structure used (in a level of dairy cooperative and farmers) refers to Tawaf et al [14] . The higher cost spent by the farmers and cooperatives, the lower profits can be gained. 
F. Government Sub-system
The CLD of the government sub-system can be seen the Fig.9 . The role of the government is reducing the gap between national milk production and demand. There are two ways that governments can do. First, the government can reduce the gap by increasing domestic milk production. This is done by providing various financial and non-financial assistance to the cooperative so the cooperative can produce milk with the amount and quality as needed. Second, the government can reduce the gap by importing the raw milk or the cattle. Importing raw milk is an unfavorable decision because, in the long run, it can The aim of this research is to understand the situation in the dairy supply chain through a causal loop diagram (CLD). Referring to the structure of the National Model developed by Forrester (1989) , there were six CLDs which belong to six sub-systems used to describe the relationship between variables in the dairy supply chain. The first CLD belong to population and consumption subsystem. The second until sixth CLD belong to milk production sub-system, dairy cattle sub-system, dairy cattle population sub-system, dairy farmer's income subsystem, and government sub-system. According to CLD, there are two important drivers for increasing national milk demand, namely the growth of milk consumption per capita and the growth of population. Moreover, there were two important drivers for increasing national milk production namely the number of cattle and the milk yield which depends on the capability of the farmers in managing their farm. In the dairy cattle sub-system, there are four important drivers namely the number of dairy cattle owned by the farmers, the weight of dairy cattle, the amount of milk yielded, and the availability of green fodder. Only one important driver in the dairy cattle population sub-system, namely the additional number of cattle which depends on the natural growth rate of the cattle if sufficient and if it is not sufficient, the government should import the cattle. There were five important drivers in dairy farmer's income sub-system, namely government milk trade balance, the level of fat and protein content in the one liter of milk, price of milk offered by the industrial milk processor, cost of production in the level of dairy cooperative, and cost of production in the level of dairy farmers. Last, the government has the role to reduce the gap between the gap between national milk production and demand through increasing national milk production or importing the raw milk or the cattle.
Although the complexity and particularity of the dairy supply chain have been tried to describe, this research has not been able to describe the best possible scenario which can optimize the performance of the dairy supply chain. It is can be done after we translate the CLD of each subsystem to the stock flow diagram and run the simulation. ACKNOWLEDGMENT I would like to say thank you to "Diponegoro University" that give me financial support to conduct the research in the field of system dynamics in the dairy supply chain through "International Scientific Publication" grant. 
